Insect microbiomes influence many fundamental host traits, including functions of practical 31 significance such as their capacity as vectors to transmit parasites and pathogens. The 32 knowledge on the diversity and development of the gut microbiomes in various blood 33 feeding insects is thus crucial not only for theoretical purposes, but also for the development 34 of better disease control strategies. In Triatominae (Heteroptera: Reduviidae), the blood 35 feeding vectors of Chagas disease in South America and parts of North America, the 36 investigation of the microbiomes is in its infancy. The few studies done on microbiomes of 37 South American Triatominae species indicate a relatively low taxonomic diversity and a high 38 host specificity. We designed a comparative survey to serve several purposes: I) to obtain a 39 better insight into the overall microbiome diversity in different species, II) to check the long 40 term stability of the interspecific differences, III) to describe the ontogenetic changes of the 41 microbiome, and IV) to determine the potential correlation between microbiome 42 composition and presence in the vector gut of Trypanosoma cruzi, the causative agent of 43 Chagas disease. Using 16S amplicons of two abundant species from the southern US, and 44 four laboratory reared colonies, we showed that the microbiome composition is determined 45 by host species, rather than locality or environment. The OTUs (Operational Taxonomic 46 Units) determination confirms a low microbiome diversity, with 12-17 main OTUs detected 47 in wild populations of T. sanguisuga and T. protracta. Among the dominant bacterial taxa are 48 Acinetobacter and Proteiniphilum but also the symbiotic bacterium Arsenophonus 49 triatominarum, previously believed to only live intracellularly. The possibility of ontogenic 50 microbiome changes was evaluated in all six developmental stages and faeces of the 51 laboratory reared model Rhodnius prolixus. We detected considerable changes along the 52 host's ontogeny, including clear trends in the abundance variation of the three dominant 53 bacteria, namely Enterococcus, Acinetobacter and Arsenophonus. Finally, we screened the 54 samples for the presence of T. cruzi. Comparing the parasite presence with the microbiome 55 composition, we assessed the possible significance of the latter in the epidemiology of the 56 disease. Particularly, we found a trend towards more diverse microbiomes in T. cruzi positive 57 T. protracta specimens.
Introduction

63
Insect microbiomes are recognized as a major factor determining host fitness and various 64 phenotypic traits, including vectorial capacity in blood feeding species (Klepzig et al., 2009;  163 Interspecific diversity and stability of the microbiomes 164 165
The variability and host specificity of the microbial communities (i.e. the assumption that the 166 specific microbiome profile is determined by the host species), was tested using laboratory 167 reared colonies. In order to prevent downsizing of the colonies, only first and second instars 168 were sampled in five replicates from four Triatominae species. The origins of the samples 169 were as follows (see Table 1 ). The R. prolixus colony and T. vitticeps individuals were 170 acquired from the above-described facility and were kept under the same breeding 
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In addition to the laboratory-reared samples, we analyzed field collected samples to gain an 185 initial insight into the diversity and ecology of the microbiome associated with the most 186 widespread NA species. Triatominae sampled in the three most affected states, i.e.
187
California, Arizona and Texas, were provided by Christiane Weirauch (UC Riverside, 188 California) and Walter D. Roachell (US Army Public Health Command Central, Texas). The 189 samples were morphologically assigned to two species: T. sanguisuga and T. protracta, and 190 the determination was further confirmed by molecular data. The complete information on 191 laboratory bred and field collected individuals used in this study is provided in Table 1 . 
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For the field sampled individuals, we optimized the extraction protocol so that comparable 207 microbiome profiles could be generated from ethanol preserved abdomens (provided by 208 some of our collaborators and available in numerous collections worldwide) and fresh 209 dissected samples. Two separate templates were used from the dissected samples, i.e. the 210 gut and the other abdominal tissues and organs (Table 1 ). This protocol, followed by merging 211 the corresponding microbiome data into a "bioinformatic abdomen" (see Data processing 212 and statistical analyses), ensures the data comparability and provides gDNA gut specific 213 templates for any future applications (i.e. qPCR and metagenomics). Total DNA was 214 extracted from all the above described templates (Table 1) 
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In order to verify the taxonomical determination of the 29 field collected individuals, we 218 sequenced fragments of the COI gene amplified with the forward primers COIL6625 and/or 219 COIL1490 and the reverse primer COIH7005 (Hafner et al., 1994) . The reference sequence 220 for T. sanguisuga was obtained from the adult individuals provided by Walter Roachel. The 221 reference for T. protracta was sequenced from the laboratory colony (see above). A
222
Maximum Likelihood (ML) analysis was performed with PhyML plugin in Geneious (Guindon 223 et al., 2010; Kearse et al., 2012) to confirm the taxonomical assignment.
225
The field collected individuals were further screened for the presence of T. cruzi. The DTUs within United States (Garcia 2017) . Three sets of diagnostic primers were thus 229 employed in this study: one generally amplifying all T. cruzi DTUs (TCZ1/TCZ2; Moser et al., 1989 ) and the two other distinguishing for DTUI and the DTUII-VI group (ME/TC1 or TC2; 231 Gumiel et al., 2015) . 
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(fastq_mergepairs with fastq_minovlen set to 20; Edgar, 2013) . Then the sequences were 246 demultiplexed and their quality was checked using QIIME 1.8 (split_libraries_fastq.py with 247 phred_quality_threshold set to 19; Caporaso et al., 2010b) . The retained high quality 248 sequences were aligned using the QIIME implementation of Pynast (Caporaso et al., 2010a) 249 and trimmed to a final length of 251 bp using USEARCH (Edgar, 2013) . Finally, the dataset 250 was clustered at 100% identity to get a representative set for de novo OTU picking using the 251 USEARCH global alignment option at 97 % identity (Edgar, 2013) . Each OTU was assigned to 252 different taxonomic levels using the BLAST algorithm (Camacho et al., 2009 ) against the 253 SILVA 123 database (Quast et al., 2013) . The obtained OTU table was filtered to remove 254 singletons and very low abundant OTUs using QIIME (following the recommendations of 255 Bokulich et al., 2013) , and all non-bacterial, chloroplast and mitochondrial OTUs were 256 filtered out. After this final filtering step, the OTU table was rarefied at 700 sequences per 257 sample to normalize the dataset (as recommended in Weiss et al., 2017) . The unrarefied 258 data obtained for guts and other internal organs/tissues from each of the dissected wild 259 sampled individuals were merged into "bioinformatic abdomens" using the QIIME script 260 collapse_samples.py and finally normalized at 1000 sequences per sample.
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All statistical tests were performed in R environment (R Development Core Team, 2014), 263 mainly using functions from the vegan package (Oksanen et al., 2013) . The overall similarity among microbiomes was analyzed based on Bray-Curtis dissimilarities and visualized in two 265 dimensional space using Non-Metric Dimensional Scaling (NMDS; Minchin, 1987) . Using the 266 vegan Adonis function, we tested the statistical significance of the differences among 267 microbiomes from distinct host instars and host species. For T. protracta, differences 268 between the distribution of diversity indices (Shannon index and richness) of males and 269 females and between T. cruzi positive and negative individuals were statistically evaluated 270 using Kruskal-Wallis rank test (Kruskal and Wallis, 1952) . All graphical outputs were 271 generated using ggplot2 (Wickham, 2009 The two species from wild populations showed major differences between their microbiome 319 profiles at the significance level of 0.001 (R 2 = 0.289, Figure 3 ). Since the samples of T. 320 protracta were mostly alcohol preserved, the two species were compared based on the 321 microbial data retrieved from the entire abdomens and bioinformatically merged abdomen 322 data. T. sanguisuga microbiomes retrieved from individuals of late nymphs (L4 and L5) and 323 adults were composed of 17 OTUs with an averaged relative abundance higher than 1% 324 (Supplementary Data: The laboratory reared colonies also showed differential patterns in their microbiomes 353 according to the Triatominae host species. Particularly, differences among the four species 354 were evaluated as significant at the level of 0.001 (R 2 = 0.784) using adonis ( Figure 5 ). , 2016) . That is not the case in mosquitoes, whose larval microbiome is more diverse 388 and highly influenced by the environment (i.e. aquatic), while the adult microbiome shows a 389 different, more stable pattern (Duguma et al., 2015; Gimonneau et al., 2014) . As mosquitoes 390 are hematophagous only in the adult stage, it has been suggested that selection towards 391 functionally important bacteria in this context acts to shape the adult female mosquito 392 microbiome (Gimonneau et al., 2014) . In the same way, hemipteran firebugs (Pyrrhocoris 393 apterus) as a more phylogenetically (but not ecologically) related group to Triatominae, also 394 show differences when comparing the first instars with the latter instars and adults, 395 probably due to the change of feeding habits between those stages (Sudakaran et al., 2012) .
396
The pattern we found in Triatominae, with the microbiome of early nymphs being different 397 from the adults one, resembles that of the firebugs rather than that of the bloodfeeding 398 insects (and more broadly arthropods). There is currently too little data to make any conclusion on the phylogeny or feeding strategy as the main determinant of the microbiome 400 ontogeny, but it is interesting to note that even in strictly hematophagous vectors, the blood 401 meal effect seems to be quite limited (Zolnik et al., 2016) .
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Triatominae can act as vectors of T. cruzi at any of their developmental stages. The 404 prevalence of T. cruzi infection seems to be higher in adults and the latest instars compared 405 to the younger nymphs, although this is based on a small number of unidentified nymph 406 samples (Curtis-Robles et al., 2015; McPhatter et al., 2012; Wozniak et al., 2015) . It is 407 reasonable to suppose that these different infection rates are at least partially related to the 408 different exposure to blood feeding on different hosts. Based on our analyses of the Our results support previous findings on low-level complexity microbiomes of Triatominae.
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The most abundant bacterial taxa in T. sanguisuga and T. protracta comply with the diversity 418 span previously described for South American species. T. sanguisuga microbiome profile 419 dominated by two taxa, i.e. Arsenophonus and Acinetobacter, mirrors for instance that of T. 420 brasiliensis complex (Díaz et al., 2016) . T. protracta harbors distinct bacterial lineages. While
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Salmonella association with some Triatominae species was previously reported (Amino et al., 
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Microbiome species-specificity have been detected in several insect hosts to date (Aksoy et 428 al., 2014; Leonhardt and Kaltenpoth, 2014; Novakova et al., 2017) . The microbiome of 429 Triatominae does not seem to be an exception, and species-specific patterns have been 
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Apart from the species-specific patterns, we also checked for other factors possibly affecting 436 the microbiome composition in Triatominae. T. protracta was collected from three remote 437 locations in the southern US (San Antonio, TX; Tucson, AZ; Escondido, CA). However, neither 438 the geographical origin of the samples nor the sex of the adult individuals showed an effect 439 on the Triatominae microbiome. These results are in accordance with the characteristics 440 described for another hemipteran, the firebug, where the microbiome is remarkably stable 441 across different populations, sexes, and even diets (Sudakaran et al., 2012) . 
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Previous studies have found a significant change in the microbiome composition of different 455 South American species of Triatominae when challenged with a T. cruzi infected blood meal 456 (Díaz et al., 2016) . Working with wild populations, we collected T. cruzi positive and negative 457 individuals, which allowed us to assess the correlation between the microbiome and the 458 infection status of T. protracta adults. We found that the diversity of the microbiomes in T.
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cruzi positive individuals is significantly higher than in the negative ones. This result 460 remarkably agrees with the findings on T. cruzi challenged T. brasiliensis, T. sherlocki and P. 461 megistus (Díaz et al., 2016) . However, due to the limited number of available samples, 462 further studies will be necessary to confirm this correlation in natural Triatominae A. triatominarum has been described as an intracellular symbiont with strict specificity to 468 various organs and tissues in Triatoma infestans (Hypša, 1993) . It is therefore interesting to 469 see this bacterium as one of the dominant components of Triatominae gut microbiomes. The 470 presence of A. triatominarum in the host guts, and faeces, could provide an explanation for 471 the intriguing host distribution of these bacteria. It has been noted that A. triatominarum is 472 exclusively bound to Triatominae, but does not show phylogenetic concordance with the 473 host (Šorfová et al., 2008) . In fact, the extremely low molecular diversity of the Triatominae Wilkes et al., 2011; Nováková et al., 2015 Nováková et al., , 2016 , no such 482 phenomenon has so far been observed for A. triatomiarum. Considering a possible role of 483 this symbiont, it might be interesting to note that unlike the other two major OTUs,
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Enterococus and Acinetobacter, its relative abundance seems to grow from the first until the 
